In the production of furnace carbon black, use is made of liquid hydrocarbon raw material of byproduct-coking origin. Its use is accompanied at present with considerable emissions of harmful substances into the atmosphere. This leads not only to environmental pollution and to discomfiture in residential buildings close to the plant but also to losses of some expensive raw material for the manufacture of target products. The components of the raw material, aromatic hydrocarbons (benzene, toluene, naphthalene) and also phenol and their derivatives [1] , comprise a large portion of the pollutants in the vapour and gas emissions into the atmosphere. Large sources of emissions at enterprises producing carbon black are the gantries for discharging the raw material from tanks and the receiving reservoirs, and also the reservoirs for storage and preparation of raw material mixtures. One solution to the problem of protecting the environment from emissions of harmful substances may be the use of units for recovering hydrocarbon vapours from the vapour and gas mixtures.
New porous carbon materials developed at the Institute of Hydrocarbon Processing Problems (IHPP) are superior to the active carbons traditionally used in industry in terms of mechanical, chemical, and heat resistance. In contrast to active carbons, they possess a mesoporous structure. At the IHPP, a method has been proposed for separating hydrocarbons from the vapour and gas mixture during the discharge, storage, and preparation of hydrocarbon raw material with the use for their purification of a bed of the porous synthetic carbon material Tekhnosorb [2, 3] . The aim of the present work was to study the process of recovering the hydrocarbon vapours formed on discharge of byproduct-coking raw material into the receiving vessel and to create industrial technology and a unit for separating hydrocarbons from the vapour and air mixture.
For investigations of the process, use was made of Tekhnosorb-1 synthetic carbon sorbent with a mesoporous structure, the physicochemical properties of which are given in Table 1 . According to preliminary data, the number of cycles of sorbent regeneration during active service reaches 200. Investigations of the process of recovering hydrocarbon vapours with a bed of synthetic carbon sorbent Tekhnosorb-1 were conducted on a model unit with temperature variation from 100-120°C to 230-280°C in a sorption column with a sorbent bed height of 100 mm. For preliminary investigations, use was made of anthracene fraction (according to GOST 11126-88).
It was established that the equilibrium static activity of sorbent Tekhnosorb-1 with respect to anthracene fraction vapours, its sorption capacity, is close to 370 mg/g with an average vapour concentration at entry into the sorption column of 4.9 g/m 3 and a flow rate of the vapour and gas mixture before the sorbent bed of 0.2 m/s. The graph of change in the weight of the sorbent is presented in Figure 1 . The results of the investigations are given in Table 2 . Desorption of hydrocarbons was conducted with vapour at a temperature of 110-120°C and a pressure of 0.2-0.3 MPa. The results of the investigations of the desorption process are given in Table 3 .
A diagram of the trial unit for investigating the two-stage process of recovering hydrocarbons from the vapour and gas mixture is presented in Figure 2 . Periodically, the sorbent bed in the holder was subjected to regeneration with water vapour with a pressure of 0.2-0.3 MPa for 1 h, and the tube coil of the condenser in this case was cleaned of the naphthalene crystal coating deposited on it. After steam regeneration, the sorbent bed was dried with air heated to 70°C with a pressure of 0.4-0.5 MPa. With a high concentration of hydrocarbons in the vapour and air mixture, water vapour was periodically fed into the coil tubing instead of water. The regeneration products in this case were emptied into the reservoir with the raw material.
The main indices of the process are as follows: the flow rate of the vapour and gas mixture before the condenser and sorption filter; the flow rate of the cooling water in the coils of the condenser; the concentrations of the hydrocarbons in the vapour and gas mixtures before the unit, after the condenser, and after the sorption filter; the effectiveness of recovery of hydrocarbons by the condenser and by the bed of carbon sorbent; the effectiveness of regeneration of the unit (the sorbent bed and the inner surfaces of the condenser); the operating time of the condenser and the sorbent bed before regeneration; the moisture content of the sorbent after regeneration and drying. These were all established in experiments.
The results of investigations of carbon sorbent Tekhnosorb-1 in tests of the trial unit are given in Table 4 . During operation of the unit there is a reduction in the overall adsorbent pore volume with respect to water from 0.69 to 0.08 cm 3 /g with subsequent recovery during regeneration of up to 0.64 cm 3 /g. By repeated water vapour regenerations of the sorbent, it is possible to remove adsorbate from the pore space to a value of the overall pore volume of 0.60-0.64 cm 3 /g, and the effectiveness of regeneration becomes close to 100%. The operating time of the sorbent bed was determined from the difference in bulk densities of the pure sorbent and of the hydrocarbon-saturated sorbent. The experimentally found capacity of carbon material Tekhnosorb-1 amounts to ~0.2 kg of carbon per 1 kg of sorbent.
On the trial unit, the concentrations of hydrocarbons and phenols in the vapour and air flow before the condenser, before the sorption filter, and after the filter were measured. Determination of the concentrations of hydrocarbons in the vapour and air mixture and in the purified air was done by gas-liquid chromatography using a glass capillary column with a stationary liquid phase SKTFV-803 [4] . The phenol concentration was determined by the photocolorimetric method. The effectiveness of hydrocarbon recovery was calculated by means of the formula:
where C entry is the concentration of the substance in the vapour and air mixture before purification, and C exit is the concentration of the substance in the purified air.
The composition of the naphthalene deposit in the condenser was determined by gas chromatography on a Agilent Technologies 6890/5973N chromatomass spectrometer with an HP5ms capillary column. For analysis, the deposit was dissolved in benzene. A sample was taken from the condenser coil.
The effectiveness of regeneration of the adsorbent was determined from the change in its pore volume. Adsorbent specimens taken before and after regeneration were analysed in accordance with GOST 17219-71. The effectiveness of regeneration was calculated by means of the formula:
where V saturated is the pore volume of the adsorbent saturated with byproduct-coking raw material vapours (cm 3 /g), and V purified is the pore volume of the adsorbent before its saturation with raw material vapours (cm 3 /g). Table 5 gives the composition of the solid residue on the coil tubes of the condenser. The parameters of the process of recovering hydrocarbons in the trial unit are given in Table 6 , and the parameters of sorbent regeneration are given in Table 7 . 
